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intrameniscal signal 24 months prior to tear assessment adjusting for
follow-up time, age, sex, body mass index (BMI), knee side, and knee
subsegment (body or posterior horn). The random effect on individual
level was included in the model to account for correlation between
measurements made within the same person.
Results: The subjects mean (SD) age was 49 (2.8) years, 60% were
women, and mean (SD) BMI was 26.9 (4.3). Subjects with linear intra-
meniscal signal present in one or both knees were more often men, but
had similar BMI and age (Table). At the baseline exam linear intra-
meniscal signal in the medial meniscus was present in 76 subjects (40%)
and 107 of knees (28%). Thirty-one participants (16%) had linear intra-
meniscal signal in both knees. At 72 months, 23 subjects (12 %) had
developed meniscal tear (33 knees [9%]) and 48% of subjects had linear
intrameniscal signal (125 knees [33%]) (Figure). Out of knees with linear
intrameniscal signal (during the whole follow-up) 99% was located in
the posterior horn and 38% of those additionally involved the meniscus
body.We did not observe regression of linear intrameniscal signal when
once present.
In 16 subjects (18%) (23 knees [18%]) with intrameniscal signal present
in the body or posterior horn at either ﬁrst three time points, the signal
progressed to a meniscal tear in the same segment. The corresponding
number of subjects (knees) which developed a tear without a prior
ﬁnding of linear intrameniscal signal was 3 (3%) (7 knees [3%]). In the
model adjusting for age, sex, and BMI, the odds ratio for developing
meniscal tear over time was 2.1 (95% conﬁdence interval: 1.1-3.2) if
having linear intrameniscal signal present (as compared to no linear
signal).
Conclusion: We found that linear intrameniscal signal is a frequent
ﬁnding in subjects between 45 and 55 years free from evidence of
radiographic knee OA and is highly unlikely to resolve with time.
Menisci with linear intrameniscal signal more commonly develop tears
than menisci without such signal, and may be part of an early-stage
osteoarthritic process.Descriptive statistics of the study subjects according to exposure information
Linear intrameniscal signal
Present at either 0, 24, or
48 months in either
knee (n¼91)
Absent at 0, 24, and
48 months in both
knees (n¼101)
Age, mean (SD) 49 (2.9) 49 (2.6)
Women, n(%) 45 (50) 69 (68)
BMI, mean (SD) 26.5 (4.4) 27.3 (4.2)
Incident tear in
either knee n(%)
16 (18) 3 (3)571
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Purpose: Muscle tissue may play an important role in generation of
symptoms in knee osteoarthritis (KOA). This study aimed to examine
the relationship between muscle perfusion assessed by Dynamic Con-
trast Enhanced Magnetic Resonance Imaging (DCE-MRI) of the distal
thigh muscles and self-reported pain and function in patients with KOA.
Methods: Cross sectional data from a pragmatic weight-loss main-
tenance study (gathered at the 1 year follow-up) in obese patients with
radiographically veriﬁed KOA (mixed medial, lateral, and patellofe-
moral) were included in these analyses (the LIGHT study; Clinical-
Trials.gov: NCT00938808). 3-Tesla DCE-MRI scans of the knees were
obtained togetherwith patient reportedpain and function (pain andADL
subscales of the Knee injury and Osteoarthritis Outcome Score (KOOS)).
The DCE-MRI were analysed using Dynamika software, in which
Regions of Interest (ROIs) were manually drawn and fused into volumes
representing the distal portions of the following muscles: vastus later-
alis, vastus medialis, biceps femoris, sartorius, gracilis, and semi-
membranosus.Major vascular brancheswere avoidedwhendrawing the
ROIs. Muscle perfusion in each muscle was quantiﬁed from analyses of
the contrast uptake curves. The perfusion variables are deﬁned inTable 1.
Intra-observer reliability of the method - based on a repeated sub-
sample - indicated good-to excellent reliability with ICC for the perfu-
sion variables between 0.8 (95% CI 0.38-0.95) and 1 (0.99-1.00).
Spearman’s rank correlation coefﬁcients were calculated between all
muscle perfusion variables and KOOS pain and ADL subscales. Multi-
variable regression analyses with KOOS pain and ADL as dependent
variables and perfusion variables from all muscles were done using the
maximum R-square improvement model (MAXR) with forward selec-
tion to ﬁt the best multivariable model in terms of R-square magnitude
that includes only statistically signiﬁcant predictors at P<0.10. The
identiﬁed multivariable regression models were repeated including
BMI, sex, and age as covariates.
Results:At oneyear follow-up,134KOApatients participated in the LIGHT
study. Of these 94 had valid DCE-MRIs and KOOS. The typical participant
was a 65-year old womanwith a body mass index (BMI) of 32 kg/m2.
No signiﬁcant bivariate correlations were found between the DCE-MRI
perfusion variables and KOOS pain and ADL.
Perfusion variables included in the regression models were from the
vastus medialis, sartorius, semimembranosus, vastus medialis, and
biceps femoris muscles. For KOOS pain a 5-variable regression model
(table 2) explained 26% (R2¼ 0.26; P¼0.0012) of the variance in KOOS
pain. For KOOS ADL a 4-variable regression model (table 2) explained
26% (R2¼0.26; p¼0.0005) of the KOOS ADL variance.
Contrast uptake rate (IRE) in the sartorius muscle was associated with
pain and disability, while the proportion of voxels without enhancement
(no contrast uptake, NoEnhancement%) in the sartorius was negatively
associated with pain and disability. In the semimembranosus the pro-
portion of voxels without enhancement was associated with pain and
disability. In the vastus medialis the proportion of voxels reaching a
plateau (Plateau%) in the uptake curve was negatively associated with
pain and disability. A higher rate of contrast washout (IRW) (i.e. a more
negative washout slope) in the biceps femoris was associated with more
pain. Including BMI, sex, and age did not change the results signiﬁcantly.
Conclusions: This is the ﬁrst study to assess the relationships between
muscle perfusion as detected by DCE-MRI and symptoms in KOA
patients. The data analysis using standardised and well validated soft-
ware was found to be highly reproducible.
While no perfusion variable in single muscles correlated to pain and
disability, a complex interplay between perfusion variables within and
between several of the distal thigh muscles explains a signiﬁcant pro-
portion of pain and disability. Illuminating the role of muscle perfusion
assessed by DCE-MRI in KOA may be valuable in the pursuit of a link
between objective measurements and patient reported pain and
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ongoing experiments.Figure 1. 4-year %-changes in quadriceps anatomical cross-sectional area
(ACSA) and extensor strength (mean95% CI) in chronically painful and
painless knees
Table 1
Variable name Deﬁnition
IRE Initial Rate of Enhancement. The average slope
of the signal intensity increase over time across
a muscle, reﬂecting average contrast uptake rate
per second (positive slopes) until maximum
enhancement is reached.
ME Maximal Enhancement. The average maximum
signal intensity reached across a muscle.
IRW Initial Rate of Washout. The average slope of the
signal intensity decrease over time in a muscle,
reﬂecting average contrast washout rate per
second (negative slopes).To facilitate interpretation
the slopes were multiplied by -1.
AUC Average area under the time-signal intensity
curve across a muscle.
NoEnhancement% Numbers of voxels without enhancement in
percentage of the total numbers of voxels within
the volume of a muscle.
Persistent% Numbers of voxels with a persistent/continuous
enhancement pattern in percentage of the total
numbers of voxels within the volume of a muscle.
Plateau% Numbers of voxels reaching a plateau in the signal
intensity without wash-out in percentage of the
total numbers of voxels within the volume of a muscle.
Washout% Numbers of voxels with a washout pattern in
percentage of the total numbers of voxels
within the volume of a muscle.
Table 2
Variable name Beta (SE) P-value R-square
KOOS Pain Model 0.0012 26%
Intercept 69.8 (29.6) 0.0207
BF-IRWMean -4345.9 (2384.4) 0.0719
VM-Plateau% 0.3 (0.2) 0.0612
SA-IREMean -1578.9 (528.8) 0.0037
SA-NoEnhancement% 0.6 (0.2) 0.0019
SM-NoEnhancement% -0.4 (0.2) 0.0207
KOOS ADL Model 0.0005 26%
Intercept 82.5 (28.7) 0.0051
VM-Plateau% 0.3 (0.2) 0.0617
SA-IREMean -1351.0 (496.5) 0.0079
SA-NoEnhancement% 0.7 (0.2) 0.0004
SM-NoEnhancement% -0.5 (0.2) 0.0039
Adjusted for BMI, Age, and Sex.BF: Biceps femoris; VM: Vastus medialis;
SA: Sartorius; SM: Semimembranosus572
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Purpose: Low thigh muscle strength is commonly observed in knee OA
and constitutes a potentially modiﬁable risk factor for disease incidence
and progression. During normal aging, loss in muscle strength has been
shown to exceed that in muscle mass, with a loss of muscle quality
(strength/mass) at higher age. Thigh muscle anatomical cross-sectional
areas (ACSAs) can be accurately measured using MRI, and loss in ACSA
has been associated with knee pain (but not with radiographic disease
status). In the current study we aimed to evaluate the 4-year change in
thigh muscle ACSAs and (speciﬁc) strength in limbs with chronic knee
pain compared with limbs without knee pain.Methods: Osteoarthritis Initiative (OAI) participants with a chroni-
cally painful knee (i.e. a non-acceptable symptom status [>PASS
deﬁned as NRS>4] and frequent pain at baseline and at year 1, 2, 3,
and 4 follow-up) were selected. These were compared with 30
participants without knee pain at any of the above time points
(NRS1, no or infrequent pain), who were matched 1:1 with the
cases by age (5 years), sex, body height (5cm), BMI (3), KLG,
and leg dominance. Using axial 3 Tesla MRIs from the OAI (T1-w SE),
quadriceps ACSAs (the primary analytic focus), and hamstring and
adductor ACSAs were evaluated at a consistent anatomical location
(33% of femoral length from distal to proximal), at baseline and at 4-
year follow-up. Isometric knee extensor and ﬂexor strength were
obtained from the OAI database and muscle quality (speciﬁc
strength) was determined as ACSA/strength. Longitudinal changes
and differences in change between chronically painful vs. painless
knees were explored using paired t-tests. Sensitivity analyses were
performed with stratiﬁcation for men and women.
Results: Ten case/control pairs were KLG0/1 and 20 were KLG2-4 (17
women, 13 men; age¼6010 years, BMI¼28.63.6). Quadriceps ACSA
signiﬁcantly decreased over four years in chronically painful knees
(-5.4%; 95%CI -8.6,-2.2%; p¼0.0007), but not in painless knees (-2.0%;
95%CI -4.2, 0.3%; p¼0.10) (Figure 1). Change in extensor strength did not
reach statistical signiﬁcance in chronically painful (-2.0%; 95%CI -17.0,
12.9%; p¼0.11) or painless knees (þ2.5%; 95%CI -12.0, 17.1%; p¼0.47)
(Figure 1).Observed standardized response means (SRMs¼mean/SD
change) were greater for changes in quadriceps ACSAs than for extensor
strength in chronically painful knees (-0.62 vs. -0.05) and in painless
knees (-0.32 vs. þ0.07).Hamstring ACSAs showed a signiﬁcant decrease in chronically painful
and painless knees, but adductor ACSAs did not. The decrease in
quadriceps (and hamstring) ACSA tended to be greater in chronically
painful than in painless knees, but the difference in change did not
reach statistical signiﬁcance (p0.44). There was no signiﬁcant change
in isometric strength or speciﬁc strength in chronically painful knees,
although a signiﬁcant decline in ﬂexor (speciﬁc) strength was noted in
painless knees (Table 1). Findings were similar inmen andwomen (data
not shown).
Conclusion: This study provides evidence that chronic pain is
associated with a longitudinal decline in thigh muscle mass (i.e.
ACSAs). Surprisingly, the magnitude of change in quadriceps ACSAs
exceeded that in isometric extensor strength, and no loss of muscle
quality (i.e. speciﬁc strength) was observed over the 4-year obser-
vation period in chronically painful knees, as was previously
observed with normal aging. Changes observed in painless knees, in
contrast, were smaller. These ﬁndings extend cross-sectional reports
on smaller quadriceps muscle ACSAs in painful vs. painless knees.
MRI-based measurement of loss in muscle mass with chronic pain
was more sensitive to change than that of biomechanical measure-
ment of loss in muscle strength.
